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Ulcerative colitis is a chronic inflammatory disorder of the large bowel, associated with bloody diarrhoea and an increased risk of developing colorectal carcinoma, which occurs in approximately 0. 1% of the European population.' Recent epidemiological studies have shown that South Asians in Britain -that is, those people whose families originated in India, Pakistan, or Sri Lanka, and particularly Hindus -have a greater incidence of ulcerative colitis than Europeans.2 Colorectal carcinoma, however, seems to be relatively uncommon in South Asians, both in Britain3 and South Asia. 4 The mucins produced and secreted by normal colon mucosal cells are rich in sulphate and sialic acids. 5 In man these sialic acids are characteristically O-acetylated.5-12 Both sulphation and sialic acid 0-acetylation are related to the rate of mucin degradation by enteric bacterial enzymes13-19 underlining the importance of these characteristic structural features in normal colonic mucin.
Changes in the metabolism of colonic mucus glycoproteins have been implicated in ulcerative colitis. 9 20-22 Histological studies have identified goblet cell depletion9 23 24 and a reduction in staining for sulphated mucin in goblet cell vesicles associated with ulcerative colitis.9 Biochemical analysis of the mucins by metabolic labelling has confirmed the loss of sulphation17 [25] [26] [27] and also suggested that alteration in the turnover of the secreted mucin fraction may be an important factor in the disease. 25 26 28 29 A further post-translational modification, mucin sialic acid 0-acetyl ester formation, is known to vary within the normal population and with ethnic background." 30 Such 0-acetylation may be modified in ulcerative colitis,9 21 and is lost in cancer.9 11 31 This study aimed, firstly, to assess whether the sulphation and 0-acetylation of mucins in South Asian colitics were linked with their increased susceptibility for ulcerative colitis when compared with European colitics, and secondly, to determine the value of mucin analysis in the identification of mild and severe disease, thus improving detection of high risk patients.
Methods

PATIENTS
Fifty four South Asians from the Leicestershire database were contacted by post and asked to take part; 11 accepted. Sixteen Europeans attending outpatient clinics in Leicester and Gloucester and a further South Asian from Gloucester agreed to take part in the study. All had established ulcerative colitis of at least 6 months' duration. The histological disease activity index score in most cases was mild to moderate with three giving a score of 5 and one of 6. The median activity score for South Asians was 2 (with an IQR of 1-3) and that for Europeans was 1 (IQR 1-4 5). There was no significant difference between the two disease groups analysed by the Mann-Whitney U test.
HISTOLOGY
All patients, in both South Asian and European groups, had histological features of ulcerative colitis. High iron diamine/Alcian blue staining showed an excess of sulphated mucin in the Asian colitics irrespective of their disease severity (Table II) . European patients with more active colitis had increased amounts of non-sulphated sialomucin, while this was less pronounced in inactive disease (Table II) The soluble fraction from the medium and washings (secreted) and homogenate (cellular) was separated by gel filtration on Sepharose CL 2B (Fig 1) to give the high molecular weight Vo pool, which contains the mucins. Fig 1C) .
ribution of the mucin types between ts is shown in Figure 2 . (Table III) . Only one of these corresponded with high disease activity. Results expressed relative to the amount of protein instead of DNA showed the same pattern (Table III) , indicating that the DNA contribution of inflammatory cells does not seem to influence the results.
Comparison of the [35S]: [3H] ratio in
secreted and cellular mucins with disease activity showed no correlation (Fig 3) . The cellular mucin showed a significant difference between South Asians and Europeans (p=0.0005, Fig 3A) . Indeed, ratio values above 0.7 were found in only three Europeans compared with all of the South Asian patients. Furthermore, ratios higher than 0.7 were present in secreted mucin from 42% of the South Asians but only 13% of the Europeans. The difference between these two groups did not reach statistical significance.
Discussion
We report here differences in the structure of colonic mucins in South Asian and European ulcerative colitis patient groups. These patients are otherwise comparable, as determined by histological criteria routinely used to characterise the disease. Epidemiological studies suggest, however, that South Asians with colitis have a more benign form because their mortality remains low and they have a significantly lower resection rate.1 39 The reduction in mucin sulphation reported in ulcerative colitis16 17 25-27 is uncommon in South Asians compared with Europeans, irrespective of disease activity.
We have detected three labelling patterns for metabolically labelled mucin formed in organ cultures with [3H]-glucosamine and [35S]-sulphate and separated by gel filtration (Fig 1) .
A high [35S]: [3H] ratio has previously been
shown to be characteristic for normal colonic tissue'6 17 25-27 and a reduction in this ratio occurs in colitic groups -although the ethnic origin of patients has not usually been identified. In addition, this study also identifies a further pattern of low turnover common to both South Asian and European groups and present in both secreted and cellular mucins (type C , Fig 1) . These patients all showed incorporation into lower molecular weight glycoproteins, suggesting that the biopsy specimens are still viable, but further analysis of this group is required to confirm its reproducibility. The Ulcerative colitis score Ulcerative colitis score Figure 3 which contains only high sulphate types A and C1. The variation detected using metabolic labelling is supported by mucin histochemistry with the high iron diamine/Alcian blue stain for sulphomucins, which shows a retention of the normal sulphation pattern predominating in the South Asian colitis group. This was similar to the pattern found in the South Asian control group.
The results show that the pattern of mucin synthesised in colitis patients differs between ethnic groups. Comparison of these groups with normal controls has only been possible histologically because of the difficulty in obtaining normal south Asian controls for culture experiments. The controls for the European group and the colitis patients reported earlier25 26 showed less interpatient variability than that found in this study. These were peroperative surgical specimens and may reflect the change in advanced disease or an influence of bowel preparation for surgery. The South Asian and European patients in this study were a heterogeneous group attending outpatient clinics with no special bowel preparation and reflected the whole spectrum of disease activity.
The patterns of labelling suggests several properties of the mucins formed in the organ culture system used. The difference in
[35S]: [3H] ratio between secreted and cellular mucins from one individual may indicate the existence of more than one type of mucin present in the mucosal cells. The secretion of one of these mucin types and the retention of others could account for difference in the ratio, but the ratios found for secreted and cellular mucins do not support this interpretation. On the other hand, the reduction in the ratio may be due to a loss of sulphate or a change in mucin glycosylation, or both. N-Acetylglucosamine, N-acetylgalactosamine, and sialic acids, which are the major monosaccharide components of colonic mucins, are all formed and incorporated into mucins from the radioactive precursor [3H]-glucosamine. Thus, changes in the individual contents of these monosaccharides may lead to differences in the overall incorporation of [3H] found in the isolated mucin fraction.
The total mucin content of fractions isolated from cultures has proved difficult to quantify accurately and metabolic labelling gives a measure of mucin turnover within the duration of the experiment and not absolute values for total secreted material. The demonstration of the mucin nature of the material eluted at the exclusion limit of the Sepharose CL 2B column is therefore an important part of this study. Density gradient centrifugation confirms that >90% of the isolated fraction has a buoyant density typical of mucins and shows no contaminating low glycosylated material, which would also be labelled by this technique. Proteolytic cleavage of the mucin fraction yields only high molecular weight material consistent with the formation of subunit structures and not small glycopeptides. Finally, the product is not broken down by any of the proteoglycan or hyaluronan degrading enzymes, thus eliminating the possibility of co-purification of these molecules after organ culture.
The group of patients showing low turnover type C1/C2 mucin comprised 50% of both secreted and cellular mucin in South Asians and 73% and 27% of secreted and cellular for Europeans, and is thus a significant proportion of all mucin produced by colitics. Low mucin turnover in these experiments represents a low level of incorporation of label into the completed mucin within the time course of the experiment. If metabolic incorporation and mucin storage was occurring the cellular mucin would show higher labelling relative to the secreted mucin. This is not found, and the results suggest that there is a generally reduced synthesis of mucin in these cases. As this is in apparent conflict with the clinical observations of increased mucus in colitis, further study is required to measure the absolute amount of mucin produced under these conditions.
The reduction in mucin sialic acid 0-acetylation previously described for human colonic mucin8 9 21 31 was found in only three of all patients analysed (two South Asians and one European). Sixteen per cent of normal South Asian controls were non-O-acetylators. This reflects proportions reported previously for normal and ulcerative colitis patientsll 30 35 and may not be related to the disease but represent a genetically determined phenotype. South Asians have a high incidence of ulcerative colitis and yet are at low risk of severe colitis and colorectal cancer. This study shows that the mucin sulphation and sialic acid 0-acetylation patterns of South Asian colitics are similar to normal controls and differ from European colitics. In general, the pattern of normal mucin sulphation in colitis patients correlates with mild disease, while sulphate depeletion is more common in those with severe colitis. We suggest that mucin studies may help to identify high risk patients in the future. 
